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CONTINUOUS VAPOR-PHASE POLYMERIZATION OF OLEFINS 

What is Claimed is: 

1. In a vapor-phase polymerization of olefins by which 
a continuous vapor-phase polymerization is carried out while 
forming a f luidized bed phase in a vessel equipped with a stirrer, 
a method of continuous vapor-phase polymerization of olefins 
which is characterized in that 

(i) a vapor-phase polymerization is carried out while 
stirring the fluidized bed phase zone in such a manner that an 



upper end of a stirring blade of the said stirrer is buried in 
the said zone; and 

(ii) the pressure difference is monitored between (a) the 
zone within a fluidized bed phase zone which is located just 
above the upper end of the said stirring blade and (b) just above 
the top of the said fluidized bed phase zone, and olefin polymer 
is taken out from the said zone in such a manner that the height 
of the said fluidized bed phase zone is kept almost constant 
according to the pressure difference. 

2. A method according to claim 1 in which the height of 
the said fluidized bed phase zone is within a range of 1.02- 
to 1.4-fold of the height of the upper end of the said stirring 
blade . 

3. A method according to claim 1 or claim 2 in which a 
gas flow rate in the said fluidized bed phase zone is made 1-60 
cm/second. 

Detailed Description of the Invention: 

The present invention relates to a method for a 
vapor-phase polymerization of olefins. More particularly, it 
relates to a method for a continuous vapor-phase polymerization 
of olefins in which stable operation can be continuously carried 
out for long time whereby the manufacture of an olefin polymer 



of a consistent quality is possible. 

The present invention specifically relates to, in a 
vapor-phase polymerization of olefins by which a continuous 
vapor-phase polymerization is carried out while forming a 
f luidized bed phase in a vessel equipped with a stirrer, a method 
of continuous vapor-phase polymerization of olefins which is 
characterized in that 

(i) a vapor-phase polymerization is carried out while 
stirring the fluidized bed phase zone in such a manner that an 
upper end of a stirring blade of the said stirrer is buried in 
the said zone; and 

(ii) the pressure difference is monitored between (a) the 
zone within a fluidized bed phase zone which is located just 
above the upper end of the said stirring blade and (b) just above 
the top of the said fluidized bed phase zone, and olefin polymer 
is taken out from the said zone in such a manner that the height 
of the said fluidized bed phase zone is kept almost constant 
according to the pressure difference. 

It has been known that, in a vapor-phase polymerization 
vessel equipped with a stirrer, a gaseous olefin is blown into 
an olefin polymer particle layer containing a catalyst to form 
a fluidized bed whereby the olefin is continuously subjected 
to a vapor-phase polymerization. 
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In such a case, an attempt has been known where the gas 
flow rate is made smaller and, nevertheless, a good mixing state 
is achieved by stirring the f luidized bed phase by a mechanical 
stirring so that entrainment of fine olefin polymer particles 
or catalyst particles is prevented. However, in spite of such 
an attempt, it is difficult to make the mixing state in the 
fluidized bed phase zone uniform and, therefore, it is often 
noted that masses of the olefin polymer are produced and they 
block out the inlet for the gas and the outlet for the olefin 
polymer whereby an operation for long time becomes impossible. 
In addition, when such a vapor-phase polymerization is carried 
out continuously, it is necessary to discharge the olefin 
polymer so that the height of the fluidized bed phase zone is 
kept as constant as possible in order that a homogeneous polymer 
may be obtained and a stable operation is carried out. 

For such a purpose, there is an idea that the height of 
the fluidized bed phase zone is measured, and opening and 
closing of the exhaust valve for the polymer are adjusted for 
keeping the said height constant. Based upon such an idea, the 
present inventors have attempted a method for measuring the 
height of the fluidized bed phase zone in which two pressure 
detecting elements are set at upper and lower zones in the 
vapor-phase polymerization vessel where one of them is set in 
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an upper space zone which is above the fluidized bed phase zone 
while the other is set at the upper end of the fluidized bed 
phase zone or within the fluidized bed phase zone and for 
determining the height of the fluidized bed phase zone by 
measuring the pressure difference between the two. 

The result was that, when the second pressure detecting 
element is set at the upper end of the fluidized bed phase zone, 
it is unavoidable to adopt the following control system. Thus, 
when the upper end of the fluidized bed phase zone reaches the 
pressure detecting element, the pressure difference from the 
above-mentioned upper space zone is will be developed, through 
the detection of which an exhaust valve for the polymer is opened 
according to the pressure difference detected; the height of 
the fluidized bed phase zone lowers corresponding to the said 
exhaustion and is in a lower level than the second detector 
element; and when that is detected whereby the said exhaust 
valve for polymer is closed. However, according to such a means, 
it is not possible to conduct a control whereby a fine tuning 
of the height of the fluidized bed phase zone is made possible 
in terms of its operation, and it has been found that there are 
disadvantages that variations in the height of the fluidized 
bed phase zone are considerably large and that a stable 
operation is not easy. 
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On the other hand, when the second pressure detecting 
element is set within a fluidized bed phase zone, it has been 
found that the detecting element is affected by a stirrer 
depending upon where the element is set and accordingly that 
the pressure is not correctly detected and an adjustment of the 
height of the fluidized bed phase zone to a constant level is 
difficult. It has been further found that there is 
inconvenience that the said detecting element is apt to be 
blocked and, in some cases, measurement is not possible. When 
a measurement is carried out in the area where the stirring the 
fluidized bed phase is not well stirred, such inconvenience does 
not occur. However, it has been found that, if such a stirring 
condition is adopted, formation of uniform fluidized bed for 
stable polymerization is inhibited and there results a trouble 
of formation of polymer in blocks. 

As a result of a further invention, however, it has been 
found that, when a method for detecting the above pressure 
difference is adopted under the above-mentioned conditions (i) 
and (ii) , the height of the fluidized bed phase zone can be 
controlled to an almost constant height and, in addition, a good 
mixed state of the fluidized bed phase is achieved whereby a 
stable polymerization is possible, and' troubles such as 
formation of polymer blocks and adhesion of the polymer to walls 
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can be prevented- Accordingly, an objective of the present 
invention is to offer an improved method for a continuous 
vapor-phase polymerization of olefins. 

In the polymerization of olefins according to the present 
invention, a catalyst is continuously supplied to a fluidized 
bed phase zone consisting of olefin polymer and catalyst under 
a stirring condition in a stationary state and, at the same time, 
gaseous olefin is blown in from the lower part of the said 
fluidized bed phase zone whereupon the fluidized state is 
maintained and the polymerization takes place. In the 
fluidized bed phase zone, stirring is carried out by a stirrer 
or, preferably, by a stirrer of anchor type whereby a good mixing 
state can be resulted even to the lateral direction. 

The lower end part (bottom) of the fluidized bed phase 
zone is preferably in a form of a perforated plate for assisting 
a uniform dispersion of the gaseous olefin and also for 
preventing the falling of polymer particles, etc. Hydrogen can 
be used to adjust molecular weight and it may be supplied from 
the lower end of the fluidized bed phase zone together with the 
gaseous olefin or may be directly supplied to the fluidized bed 
phase zone. 

With regard to the fluidized bed phase zone of the 
polymerization vessel, the shape of a head-cut cone or a column 
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is preferably used. The stirrer or, preferably, that of anchor 
type which is used in the present invention is in such a structure 
that the stirring blades rotate near the bottom (usually 
consisting of a perforated plate) and side wall of the f luidized 
layer in a shape of a heat-cut cone or a column as mentioned 
above and the structure is usually made in such a manner that 
there are stirring blades which extend from the rotating axis 
to near the side wall along the bottom of the f luidized bed phase 
zone and further extend upward along the side wall . The heights 
of the stirring blades are not necessarily the same. The 
stirrer of anchor type may be equipped with auxiliary stirring 
blades or may be in a modified design so far as it has the 
above-mentioned fundamental structure . 

During the polymerization of an olefin, it is recommended 
to take out the olefin polymer continuously or intermittently 
so that the height of the f luidized bed phase zone is maintained 
at preferably 1 . 02- to 1 . 4-fold or, more preferably, from 1 . 02- 
to 1.2-fold of the height to the upper end of the blades of the 
stirrer and further that variation in the height of the 
fluidized bed phase zone is preferably kept to a minimum. The 
height to the upper end of the stirring blades of the stirrer 
is a distance from the bottom of the fluidized bed phase zone 
to the upper end of the said stirring blades and, when there 
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are two or more stirring blades and their heights are different, 
the highest one is taken as a reference. 

In the present invention, the stirring blades are 
operated so that they are embedded in the fluidized bed phase 
zone. If a part of the upper area of the stirring blades is 
outside the fluidized bed phase zone and extends to the upper 
space zone, adhesion or caking of the olefin polymer takes place 
at that area, inhibiting stable operation. When the height of 
the fluidized bed phase zone is kept higher than the above- 
mentioned preferred range, mixing of the total fluidized bed 
phase zone system becomes generally insufficient, and adhesion 
to wall etc. may occur. Therefore, it is recommended to 
appropriately keep within the above-mentioned preferred range. 
When a stirrer of anchor type is used and the height of the 
fluidized bed phase zone is preferably adjusted to an 
appropriate position within the above-mentioned range, it is 
now possible to prevent adhesion to the wall and caking of the 
polymer and to conduct a stable operation as well. 

Further, as a result of taking such a constitution, the 
height of the fluidized bed phase zone can be correctly measured 
by a pressure difference method and, accordingly, an automatic 
control is possible by instructing the opening and the closing 
of the exhaust valve for the olefin polymer according to the 
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detected pressure difference so as to keep the height of the 
said zone almost constant. Thus, when the pressure difference 
between the fluidized bed phase zone and the upper space zone 
is measured, it is possible to measure the height of the 
fluidized bed. Usually, however, the pressure detector in the 
fluidized bed phase zone is apt to be blocked up and, in addition, 
it is apt to be affected by the stirrer. But, when the height 
of the fluidized bed phase zone is preferably kept at around 
1.02- to 1.4-fold of the height to the upper end of the stirring 
blades and a detecting element within a fluidized bed phase zone 
is set at the position which is above the upper end of the 
stirring blades in the fluidized zone, neither blocking up nor 
influence from the stirrer takes place and, accordingly, a 
correct measurement can be carried out for a long period. As 
a result thereof, it is now possible by means of a pressure 
detecting element placed within the fluidized bed phase zone 
and a pressure detecting element in the upper space zone to 
detect the pressure difference between the two zones and to take 
out the olefin polymer so as to keep the height of the fluidized 
bed phase zone almost constant according to the pressure 
difference detected, whereby a continuous operation for a long 
period can be automatically carried out. Position of the 
pressure detecting element at the side of the fluidized bed is 

10 



to be made preferably 1.05- to 1.15-fold of the height to the 
upper end of the stirring blades. 

In the present invention, it is also possible to adopt, 
together with the above-mentioned control, an embodiment where 
still another pressure detecting element placed within set at 
a little above the pressure detecting element in the fluidized 
bed phase zone, the pressure difference between that and the 
pressure detecting element above the fluidized bed is measured 
and the upper limit of the height of the fluidized bed phase 
zone is controlled by the said pressure difference. 

Polymerization of olefin in accordance with the present 
invention covers not only a homopolymerization of an olefin but 
also copolymerization of olefins or that of an olefin with a 
diene. Examples of the olefins are ethylene, propylene, 1- 
butene, 1-pentene, 1-hexene, 4-methyl-l-pentene, 1-octene and 
1-decene. The present invention is particularly suitable for 
the manufacture of a crystalline polymer mainly consisting of 
ethylene or propylene where, for example, 90% or more of such 
a monomer are contained. 

With regard to a catalyst for the polymerization, various 
catalytic systems such as a Ziegler catalyst and a Phillips 
catalyst may be used. For example, a compound of titanium, 
vanadium, chromium, zirconium, etc. may be used as a catalytic 
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component . The use of an organoaluminum compound as a catalytic 
component and a titanium catalyst component supported on a 
magnesium compound is particularly advantageous because of a 
high catalytic activity. Such catalytic systems have been 
widely known already. With an objective of controlling the 
molecular weight, the molecular weight distribution, the 
stereoregularity, etc., various additives such as hydrogen, 
electron donor, halogen compound etc. may be used. Such 
catalytic components and additives may be supplied to any place 
of the polymerization vessel. In addition, with an objective 
of removing heat during the polymerization, it is also possible 
that easily-volatile inert hydrocarbon is made co-existed. 
Such a substance plays a role of removal of heat when vaporized 
in the polymerization vessel. 

Although the temperature of polymerization of olefin may 
vary depending upon the type of the olefin, a temperature range 
of from about 30°C to about 90°C is usually adopted. Pressure 
for the polymerization may be anything provided that it is lower 
than the pressure where the olefin is liquefied and, for example, 
it is from about 2 to about 30 kg/cm 2 . G. 

It is preferred to blow in the olefins from the lower part 
of the fluidized bed phase zone at a linear velocity of from 
1 to 60 cm/second or, particularly, from about 3 to about 40 
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cm/second. Liquid olefins may be supplied to the 

polymerization vessel for removal of the heat of polymerization. 
When a liquid olefin is supplied, it is preferred to supply it 
to the place above the fluidized bed. 

The olefin polymer is taken out either continuously or 
intermittently from the side of the fluidized bed phase zone 
so as to maintain the height of the fluidized bed to be constant. 
It is possible to conduct the continuous polymerization for a 
long period by adopting such a method. 

An embodiment of the present invention is given in Fig. 
1. After olefin is polymerized in advance in a preliminary 
polymerization vessel (1) using an organoaluminum compound 
component and a titanium catalyst component supported on a 
magnesium compound, it is continuously supplied to a fluidized 
bed phase zone (3) of the vapor-phase polymerization vessel via 
a pipe (11) . Additional organoaluminum compound is supplied 
to a fluidized bed phase zone (3) of the polymerization vessel 
from a pipe (12) . The fluidized bed phase zone (3) which is 
a reaction bed in the vapor-phase polymerization vessel is 
stirred by a stirrer (4) in a shape of an anchor. Gaseous olefin 
which is not condensed in a condenser (6) is supplied to the 
lower part of the polymerization vessel from a pipe (13) or newly 
from another pipe (14) , and comes to a fluidized bed phase zone 



(3) via a perforated plate (5) to fluidize the reaction floor 
and also to be used for the polymerization. Hydrogen used for 
the adjustment of the molecular weight is supplied to the 
polymerization vessel from a pipe (15) . Unreacted olefin 
discharged from the polymerization vessel passes through a pipe 
(6) , is condensed in a condenser (6) , passes through a pipe (17) 
and is sprinkled on a reaction floor from a sprinkler (18) . 

With regard to the height of the f luidized bed phase zone 
(3), the pressure difference between the lower pressure line 
(20) having a detecting element in the upper space zone (2) and 
the higher pressure line (21) having a detecting element at a 
position above the upper end (hj of the stirring blade in the 
fluidized bed phase zone (3) is measured by a level meter (23) 
and the polymer (19) is taken out from a pipe (19) by instructing 
the opening and the closing of the level control valve (24) so 
as to keep the height (h 2 ) of the fluidized bed phase zone 
constant. In order to prevent the blocking up of the higher 
pressure line (21) , it is recommended to flow a purge gas from 
a pipe (22) . 

Example 1 . 

<Preparation of Titanium Catalyst Component> 
Commercially available anhydrous magnesium chloride (30 
g), 7.5 ml of ethyl benzoate and 4 . 5 ml of methyl polysiloxane 
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(viscosity: 20 c.s. at 25°C) were made to contact for 40 hours 
using a vibrating ball mill in a nitrogen atmosphere. The 
resulting processed solid (20 g) was suspended in 200 ml of TiCl 4 
and made to contact at 80°C for two hours while stirring. After 
completion of the reaction, the supernatant liquid was washed 
with pure hexane by means of a decantation. This operation was 
repeatedly carried out until no chlorine was detected in the- 
supernatant hexane. The resulting titanium catalyst component 
contained 65% by weight of chlorine and 1.9% by weight of 
titanium in terms of atoms. After the above operation was 
repeated for several times, the product was subjected to the 
subsequent polymerization. 

<Preliminary Polymerization Treatment> 

The treatment was conducted in hexane using 1.5 
mmol/liter of the above-prepared titanium catalyst component, 
6 mmol/liter of triethyl aluminum (hereinafter, referred to as 
TEA) , 2 mmol/liter of methyl p-toluate and propylene which was 
in an amount of two-fold of the titanium catalyst component. 

<Vapor-Phase Polymerization of Polypropylene> 

Polymerization was carried out in accordance with a flow 
diagram as shown in Fig. 1 using the preliminarily polymerized 
catalyst as mentioned above. 

The inner diameter of the vapor-phase polymerization 



vessel was 300 mm, the height (h x ) from the perforated plate 
(5) to the upper end of the height of the stirring blades of 
the anchor-shaped stirrer (4) was 450 mm, the higher pressure 
line (21) was made of SUS having an inner diameter of 2 mm, and 
the pressure detecting element for the f luidized bed phase zone 
was inserted to the position which was 150 mm from the inner 
wall of the polymerization vessel and was 30 mm above the upper 
end of the stirring blades . 

While the anchor-shaped stirrer was rotated at 200 rpm, 
1 mmol/hour (in terms of titanium atoms) of the titanium 
catalyst component which had been subjected to the above 
preliminary polymerization treatment, 50 mmol/hour of TEA, 12 
mmol/hour of MPT and propylene gas (including a circulating gas) 
at a rate of 4 cm (in the polymerization vessel) /second or liquid 
propylene at a rate of 45 kg/hour were/was sprinkled from a 
sprinkler (18) and a continuous polymerization of propylene was 
carried out under the condition of 70 °C polymerization 
temperature and 18 kg/cm 2 . G polymerization pressure. Further, 
the polymer was taken out from the pipe (19) at a rate of 10 
kg/hour according to the instruction of a level meter so as to 
make the height (h 2 ) of the fluidized bed phase zone from the 
porous plate 490 mm. Incidentally, for prevention of the 
blocking-out of the higher pressure line, propylene gas was 
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supplied from a pipe (22) at a rate of 100 Nl/hour. 

Polypropylene where MI = 9.1 and n-heptane-insoluble 
matters = 93.3% by weight was able to be manufactured in a stable 
manner for a long period. 

Comparative Example . 

When the position of the detecting element of the higher 
pressure line (21) was made at the height of the stirring blades 
and made 440 mm below the upper end of the stirrer, detection 
of the level was difficult in any of the cases whereby it was 
not possible to detect the increase or the decrease of the level . 

Brief Explanation of the Drawing: 

Attached Fig. 1 is a schematic drawing of the apparatus 
showing an embodiment of the present invention. 
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First: Page - WINDOWS, Abstract: JP58113208 



====== WPI ===== 

TI - Continuous vapour phase polymerisation of olefin (s) - with pressure 
difference between stirring blade in fluidised bed and upper phase 
controlling removal of polymer 

AB - J58113208 The process comprises carrying out vapour polymerization while 
stirring the fluidised bed phase zone with upper part of a stirring 
buried in the fluidised bed. The pressure difference is measured between 
two zones by pressure detecting elements which are set at positions above 
the upper end of the stirring blade in the fluidised bed phase zone and 
in the upper space zone. The removal of olefin polymer from the fluidised 
bed phase zone in accordance with the pressure difference so as to keep 
height of the fluidised bed phase zone almost constant. In the vapour 
phase polymerization process for olefins the fluidised bed phase is 
continuously formed under stirring in a vapour phase polymerization 
vessel with stirring machine. 

- As height of fluidized bed phase zone can be controlled almost constantly 
then good mixing conditions are obtd. in the fluidised bed phase zone. 
Polymerization is carried out stably and prodn. of block polymer or 
adhesion of polymer to the wall of the polymerization vessel can be 
prevented. (0/1) 

PN - JP5811.3208 A 830706 DW8333 005pp 
' " r ~JP3032562B B 910513 DW9123 OOOpp 

PR - JP810209847 811228 

PA - (MITC ) MITSUI PETROCHEM IND CO LTD 
, MC - A04-G01A A10-B 
DC - A17 

IC - C08F2/34 ;C08F10/00 
A N - 83-737298 [33] 

===== PAJ ===== 

TI - CONTINUOUS VAPOR PHASE POLYMERIZATION OF OLEFIN 

AB - PURPOSE: To obtain an uniform olefin polymer in stable condition, by 
carrying out an agitation, in a vapor phase polymerizer, so that the 
upper end of the agitating blade is imbedded in the fluidized bed zone, 
and detecting a pressure difference between said zone and the upper space 
to maintain the height of the above zone constant. 

- CONSTITUTION: An olefin is preliminarily polymerized in a prepolymerizer 1 
followed by continuously feeding the resultant intermediate product to a 
vapor phase polymerizer equipped with an agitator 4. While agitating the 
fluidized bed zone 3 so that the upper end of the agitating blade is 
imbedded in said zone 3, a pressure difference between said zone 3 and 
the space 2 above the zone 3 is detected through the pressure-detecting 
element 20 in the space 2 and the other element 21 set at a site within 
said zone 3 and higher than said upper end of the agitating blade. The 
olefin polymer produced is drawn through the pipe 19 according to the 
pressure difference value so that the height of said zone 3 is maintained 
to a nearly constant level, thus obtaining the objective polymer 

PN - JP58113208 - 830706 

PD - 83-07-06 

ABD - 830920 

ABV - 007213 

AP - JP810209847 811228 

GR - C187 
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J:oT*^5:-5*i-fitttfe 30 # c*v*L;& 90'c 

* w 7 -f xoftftT SE£r J: D^^itniiffiSo 
ffi^J-C i < % 2*^ Life SO kg/cm* * o *C 

ifc «<5 o 

* u 7 -r >tt*ift**K*TWd»e> % Stta^ 

1 '<t^L 60«/sec, £<5Ctt&33fr^bfc 40 

i7SriSDxa:^Wi8^e>K£5^tc»:^$-a--5o 
W»ft^f*r^fiEE<l7<>20t «(Ei&*®E«3 * 

^loaftss? ( hl y ±&mzmjLz>&miz& 

2 3 Tfi!!5£L^ SfE«r^/aer«?S5$ (h 2 ) * — £te 

f$ O «fc ^ (C N u A- n > f o — /i.a^*/ 2 4 co 

^ ^ * S: X b T is < co a* J: ^ 0 
* US W 1 . 

20c a. (25 # C)) 4.5n,^ «r |g fft 

a-T 40^fB»»$^fco»ent:@«:to 
i%20g* 200«^<OTlCg 4 ffitC!gflg^i*'x 



8>Ufco ±fi-N + t >*ftcfif ^ftffi^n^: < ft: 
**TC<0||ft:£:48DjIl,fco ^6n7t^*>tt 

tfJSJ *■ * > £ ^ * -9- > <f % 1.5mmol 

IfcT ) 2 SCfBSlm u > tt ?- 4 > ft 

5Lffia-&fl|Op^S« 300mm N <f * U 9 ft $ft |R 

4 <Dm#nm* ±&m>±-c<DMi* (h 1 ) 

5^^450 mm % KflEffll7-f>21«P*gS 2 mm (7} 



ttfSiaS 58-1 18208 (6) ? % 

mm±gR|C|¥A Lfco 

* *J llfftSSr 2 0 0 rpm T@g?1t5-^, 
W&^mM&tikmZ tilt * * 1 mmol/ 

hr( * > iSl^g* |> K TEA 50minol/hrx 
MPT 12 onol/hr x 

5r#tf ) fcffi^ft* 4a/8ec £*:£&&"Cx3:fc 
^° > tt* 4 5*9/hr <Z>mBt-C&H5m 18 

m m <T> 7&t 

? J: ^ t u-s^tfojg^ic tt^'oTiJC'j 

▼ - Srff 1 9 6 1 0*9/ hr <O^S"Ct£#ffib7C:o 
^t^SElM >O^DS5ihO7i:ttxl c 22<t0r 
o X£: 100N^/hr O^g-Cft^Lfco 



Jfc iS[ 

8$&CJft#gi±£g&^£>440mmTg5*CL;fc® 

^ (i ^ r n u ^- ^ o & W # *g L < < ^ <d «| 



4. gH(0ffi$^C»B^ 

ft IB A H#B»ffc*I*»**tt 
ftSA * E ft ¥ ^ (**1 « ) 




